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REMARKS 

In view of the following remarks, the Examiner is respectfully requested to withdraw the 
rejections and allow claims 11, 13-15, 18, 27, 30, 31 and 34, the only claims pending and 
currently under examination in this application. 

Formal Matters: 

Claims 1 1, 13-15, 18, 27, 30, 31 and 34 are pending after entry of the amendments set 
forth herein. 

Claims 1-10 and 19-26 were previously canceled without prejudice. 

For the sole purpose of expediting prosecution, Applicant hereby cancels claims 12, 16, 
17, 28, 29, 32, 33 and 35-41 . Applicant reserve the right to prosecute the subject matter 
covered by these claims in another continuation application. 

Claims 11, 14, 18, 27, 30, 31 and 34 are amended. Support for these amendments is 
found throughout the specification and in the claims as originally filed. 

Claim Rejections - 35 U.S.C. § 112, first paragraph 
Written Description 

Claims 12 and 35 -41 have been rejected under 35 U.S.C. § 112, first paragraph, as 
allegedly failing to comply with the written description requirement. As claims 12 and 35-41 
are hereby canceled, this rejection is rendered moot 

Enablement 

Claims 11, 13-15, 18, 27, 30, 31 and 34 remain rejected under 35 U.S,C, § 112, first 
paragraph on the basis that the specification allegedly does not enable a person skilled in the 
art to which it pertains, or which it is most closely connected, to make and use the claimed 
invention commensurate in scope with the claims. The Applicant respectfully traverses this 
rejection as it is applied to the pending claims. As claims 12, 16, 17, 28, 29, 32 and 33 are 
canceled, the rejection of these claims is rendered moot. 
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The Examiner acknowledges that enablement is present for a method of inserting an 
exogenous nucleic acid into the genome of a mouse, wherein the method comprises 
introducing into the mouse a P-element derived vector comprising a pair of P-elements 
transposase recognized insertion sequences flanking at least one transcriptionally active gene 
that is at least 50 bp proximity to one of the P-element transposase recognized sequences, 
wherein a transposase domain is provided on the same vector or a second P-e!ement vector, 
and cells from the mouse. However, the Examiner alleges that the specification does not 
provide enablement for making any transgenic animal, other than a mouse, commensurate 
with the scope of the claims. 

Amended claims 11 and 13-15 are directed to a method of inserting an exogenous 
nucleic acid into the genome of a rodent. Amended claim 18 is directed a method of inserting 
an exogenous nucleic acid into the genome of a mouse. Amended claims 27 and 31 are 
directed a rodent or cells derived from a rodent. Amended claims 30 and 34 are directed a 
mouse or mouse cells. 

The law regarding enablement of inventions is: "[t]he test of enablement is whether one 
reasonably skilled in the art could make or use the invention from the disclosure in the patent 
coupled with information known in the art without undue experimentation."^ 

Disclosure of the Present Application 

The Applicants maintain that the present application provides sufficient disclosure to 
enable the invention to the full scope of the pending claims as directed to rodents. The 
present specification clearly details the preparation and production of such transgenic rodents. 
Beginning on page 10, the specification provides a detailed disclosure of how to generate such 
rodents using the P-element derived vector and a variety of well known nucleic acid delivery 
techniques, as well as references describing such techniques in greater detail. The 
specification further provides working examples showing use of such vectors in generating 
transgenic rodents. Moreover, such working examples demonstrate the transgenesis of 
introducing the P element of a Drosophila fly into mice. When the Applicant demonstrated that 

1. United states v. Telectronics, Inc., 8 USPQ 2d 1217, 1233 {Fed, Cir. 1988), cert, denied, 490 U.S. 
1046 (1989). See also Genentech, Inc. v. Novo Nordisk, 42 USPQ 2d 1001 (Fed. Cir. 1997), cert, denied, 522 
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a pair of P-element transposase recognized insertion sequences, whicli is derived from tlie 
Drosophila fly, is able to integrate into the genome of mice, the Applicant succeeded in 
demonstrating the genetic element of one organism is able to integrate in the genome of an 
unrelated organism. Both the Drosophila fly and the mouse are classified under the kingdom 
Animalia; however, the Drosophilia fly is classified under the class Insecta of the phylum 
Arthropods while the mouse is classified under the class Mammalia of the phylum Chordata. 
There is no reason to believe why the genetic element of an organism from one phylum should 
be capable of integrating into the genome of an organism of another phylum. However, the 
Applicant has demonstrated this application in the present specification. 

In the "Response to Arguments" section, the Examiner has alleged the Applicant's 
arguments in the Amendment and Response dated February 27, 2006 are not persuasive. 
The Applicant disagrees and answers the Examiner's response point by point. 

The Examiner alleges that "due to significant research in the mouse, the mouse is a 
model for transgenic research [and that t]hough the mouse is well characterized and studied 
for the purposes of transgenesis, this does not lead to a routine and easy extrapolation of 
science that will lead to the creation of all other transgenic non-human and non-drosophilidae 
animals." (page 5). The Applicant respectfully disagrees with the Examiner's reasoning. That 
the mouse is a well studied organism is not a rationale that a procedure used on a mouse 
cannot be extrapolated to other closely related organisms, such as other rodents. The 
specificafion teaches a working example of the method of introducing the vector comprising 
the P-element by co-injecting mice by their systemic tail vein with different concentrations of 
the vector and followed by a second injection of the transposase vector (page 18, lines 7-10). 
Rodents are genetically and morphological very similar to each other. They ali belong within 
the order Rodentia. Injecting different concentrations of vector encoding the P-element and/or 
transposase into other rodents, which are closely related to the mouse, is of such simplicity 
that it must surely be routine experimentation. 



U.S. 963 (1997); Scripps Clinic and Research Foundation v. Genentecf), Inc., 18 USPQ 2d 1001 (Fed. Cir. 1991). 
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Accordingly, the Applicant maintains that the specification fully enables the making and 
using of such rodents according to the pending claims without practicing undue 
experimentation. 

The Applicant respectfully point out that in addition to standard methods of generating 
transgenic rodent, at the time the present application was filed methods of overcoming hurdles 
faced in generating transgenic rodents using standard techniques were also well known. For 
instance, the procedure of making transgenic rats was well known at the time the present 
application was fiied {see Exhibit A: Reid et al., Proc, NatL Acad. ScL USA, 2001, 98{16):9271" 
6 and Exhibit B: Burkey et al., J. Lipid Res., 1995, 36:1463-73). The Examiner has previously 
rejected the claims over the scope of the claims as covering "transgenic whales, transgenic 
fish [and] transgenic elephant" (Final Office Action dated May 18, 2006, page 4), and other 
animal species such as "cow, pig and sheep [as their] eggs are optically opaque, unlike mice" 
(Office Action dated August 30, 2005, page 9). The amended claims do not encompass of 
these animals cited by the Examiner Further, the Examiner has not cited any reasoning as to 
why the claimed methods and compositions are not enabled as to specifically rodents. As 
non-mouse species of rodents are extremely identical to mouse species, both genetically and 
morphologically, the Examiner's reasoning as pertaining to whales, fish, elephants, cows, pigs 
and sheep should not apply to non-mouse rodents. 

Accordingly, the Applicants maintain that once transgenesis is demonstrated in one 
rodent, as detailed in the present specification and described above, it is reasonable to 
conclude that the methods could be extrapolated to other rodents, in a similar manner without 
undue experimentation. Therefore, once the Applicants demonstrated the possibility of the 
described method with one rodent, it is reasonable to conclude that such methods can be used 
to generate other transgenic rodents using a vector that comprises a pair of P-eiement 
transposase recognized insertion sequences flanking an exogenous nucleic acid with a 
reasonable amount of experimentation. 

Therefore, the Applicant asserts that the methods disclosed in the present specification 
in conjunction with the knowledge available in the art at the time the present application was 
filed, would enable one of ordinary skill in the art to practice the invention to the full scope of 
the claims. 
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In re Wands Factors 

In addition to the above, as described in the Amendment and Response dated February 
27, 2006, application of the In re Wands test to the facts of the present application must lead to 
the conclusion that the presently pending claims are fully enabled, as demonstrated below. 

Under In re Wands, a determination of enablement requires consideration of eight 
factors, including: (a) the quantity of experimentation necessary; (b) the amount of direction or 
guidance presented; (c) the presence or absence of working examples; (d) the nature of the 
invention; (e) the state of the prior art; (f) the relative skill of those in the art; (g) the 
predictability or unpredictability of the art; and (h) the breadth of the claims.^ Accordingly, 
under In re Wands, a determination of enablement is based on the combination of the factors, 
taken as a whole, not based solely on a single factor. 

In the present application, the Applicant further maintains that the specification, coupled 
with the information known in the art , would enable one skilled in the art to use the invention 
without undue experimentation. However, in order to provide structure to the Applicant's 
response, each of the relevant enablement factors is further discussed in detail below. 

(a) the unpredictability in the art and the quantity of experimentation necessary 

The Applicant notes that the courts have clearly taught that the fact that experimentation 
may be complex does not necessarily make it undue, if the art typically engages in such 
experimentation. For example, see MPEP § 2164,01^ Accordingly, the Applicant's citation of 
Hybritech Inc. v. Monoclonal Antibodies, Inc, in the previous response was to emphasize that 
where the "experiments are empirical in nature," as in the case of the present application, the 
court found that no undue experimentation is required."^ 

In citing the research publications the Applicant have sought to establish that the field of 
generating transgenic rodents is not unpredictable. The publications cited herein represent 
only a small fraction of the total number of publications demonstrating the successful 



2, Ex Parte Forman., 230 USPQ 546, 547 (BdPatApp & Interf. 1986); and, In re Wands, 8 USPQ2d 
1400. 1404 (Fed. Cir. 1988), 

3. See also In re Certain Limited-Charge Cell Culture Microcamers, 221 USPQ 1 165, 1 174 (Int'l Trade 
Comm'n 1983), afTd sub nam., Massachusetts Institute of Technology v. A,B. Portia, 227 USPQ 428 (Fed. Cir. 
1985). 
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generation of transgenic rodents. Furthermore, the cited research publications establish that in 
order to make and use the transgenic rodent models according to the full scope of the claims 
in the present application, undue and excessive experimentation would not be required. 

The methods disclosed in the cited reference used to generate the transgenic rodents 
were not exactly the same as the method disclosed in the present application. However, the 
publication has been cited to establish that by reporting the successful generation of rodent 
models , the cited publication have substantiated the Applicant's position that the field is not as 
unpredictable as asserted by the Examiner. 

Therefore, since the field is not unpredictable, the fact that the experimentation may be 
complex does not necessarily make it undue, if the art typically engages in such 
experimentation, especially if the experimentation in empirical in nature. Accordingly, the 
Applicant maintains that the "how to make" and "how to use" requirements of 35 U.S.C. §1 12, 
first paragraph, have been fulfilled. 

As such, the Applicant maintains that the art is replete with successful attempts at 
generating transgenic rodents. Therefore, the field cannot be as unpredictable and requiring of 
undue and excessive experimentation as the Examiner stresses. As such, the Applicant 
respectfully submits that the specification coupled with the information available in the art, at 
the time the application was filed, would enable one skilled in the art to use the invention 
without undue experimentation. 

(b) the breadth of the claims and the amount of directlorr or guidance presented 

The Applicant argues that the requirement for guidance in the specification shall be 
taken in conjunction with the guidance available in the art. As noted above, other methods of 
generating transgenic rodents are disclosed in the art. One skilled in the art of methods 
involving manipulating DNA and performing cell-based assays would be able to combine the 
guidance in the disclosure and the guidance available in the art to practice the claimed 
invention. 



AHybritech inc. v. Monoclonal Antibodies, Inc., 231 USPQ 81 (Fed. Cir. 1986). 
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Accordingly, the Applicant maintains that the guidance provided in the specification and 
highlighted in the previous response, when taken in conjunction with the other enablement 
factors under In re Wands, provides the requisite amount of direction and guidance for a 
person skilled in the art to make and practice the invention to the full scope of the pending 
claims. 

(c) the presence or absence of working examples 

The Applicant respectfully notes that under the In re Wands factors for detemnining 
compliance with the enablement requirement under Title 35 U.S.C. §112, first paragraph, the 
presence or absence or working examples is but a single factor to be taken in consideration 
with the other factors . As such, under In re Wands, the presence or absence of working 
examples Is weighed against the other factors, such as the availability In the art of general 
guidelines relevant to the claimed invention and guidance provided In the specification. 

Moreover, the Applicant cites In re Robbins and In re Borkowskiio emphasize that 
compliance with the enablement requirement under Title 35 U.S.C. §112, first paragraph does 
not require or mandate that a specific example be disclosed.^ Accordingly, the specification 
need not contain a working example if the invention is othenwise disclosed in such a manner 
that one skilled in the art would be able to practice the invention without undue 
experimentation.® 

However, as the Examiner notes in the Office Action, the present application does 
contain working examples demonstrating the creation of transgenic mice using the P-element 
derived vectors . Therefore, the working examples, taken in conjunction with the general 
guidelines regarding creation of transgenic rodents available in the art and the guidelines 
disclosed In the specification, provides one skilled in the art adequate enablement to practice 
the claimed invention. 

Accordingly, the Applicant maintains that the present application does enable a person 
skilled in the art, through the specification as well as the working example, sufficient 



5 In re Robins 166 U.S.P.Q. 552 (CCPA 1970); In re Borkowski, 164 U.S.P.Q. 642 (CCPA 1970). 
6. In re Borkowski, 164 USPQ at 642. 
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enablement to apply the teachings in the specification in conjunction with the relevant art to 
make and use the claimed invention. 

(d) the relative skill of those in the art 

The Applicants maintain that the present invention involves methods of manipulating 
DNA and performing cell-based assays. As such, the Applicant notes that the skill level of an 
artisan, such as a laboratory technician or scientist with experience In molecular biology or the 
equivalent of a doctoral degree in molecular biology techniques, in using such methods is high. 

in sum, the Applicant maintains that the enablement requirement has been met 
because a) the amount of experimentation required to create a transgenic rodent would not be 
undue and excessive b) working examples have been provided, c) guidance is given on how to 
generate and use such rodent models, and d) one of skill in the art would be able to perform 
the experiments as a matter of routine. The specification, therefore, provides sufficient 
enablement such that one of ordinary skill In the art would be able to practice the invention 
without undue experimentation. 

As such, for at least the reasons described above, claims 11 , 1 3-1 5, 18, 27, 30, 31 and 
34 are adequately enabled by the specification. Accordingly, the Applicant respectfully 
requests the Examiner to withdraw this rejection of claims 11, 13-15, 18, 27, 30, 31 and 34 
under 35 U.S.C. §112, first paragraph. 

Claim Rejections - 35 U.S.C. § 112, second paragraph 

Claims 11, 12, 16, 27 and 31 have been rejected under 35 U.S.C. § 112, second 
paragraph as allegedly being indefinite for failing to particularly point out and distinctly claim 
the subject matter which Applicant regards as the invention. 

As claims 12 and 16 are canceled, the rejection of these claims is rendered moot. 

Applicant has amended claim 1 1 by deleting the words "is inserted" in order to recite the 
language suggested by the Examiner. This amendment is to correct a grammatical error and 
does not change the scope of the claims. 
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Applicant has amended claims 27 and 31 by replacing "non-human and non- 
Drosophilldae animal . . . from said animal" with "rodent . . . from said rodent". These claims 
as amended provide antecedent support for "said rodent". 

As amended claims 1 1 , 27 and 31 are clear and definite, ^plicant respectfully requests 
the Examiner to withdraw this rejection of these claims under 35 U.S.C. §112, second 
paragraph. 
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CONCLUSION 

Applicant submits that all of the claims are In condition for allowance, which action is 
requested. If the Examiner finds that a telephone conference would expedite the prosecution 
of this application, please telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees 
associated with this communication, Including any necessary fees for extensions of time, or 
credit any overpayment to Deposit Account No. 50-081 5, order number TOSK-007CON. 

Respectfully submitted, 
BoziCEVic, Field & Francis llp 



Date 



By: 




Robin C. Chiang, Ph.D 
Registration No. 46,61 




Date; 



/c> ' 17- o C 




Bret E. Field 
Registration No. 37,620 



Enclosure: 

• Exhibit A: Reid et al., Proc. Natl. Acad. Sci. USA, 2001 , 98{16):9271-6. 

• Exhibit B: Burkey et al., J. Lipid Res., 1 995, 36:1463-73. 



BOZICEVIC, Field & Francis llp 

1900 University Avenue, Suite 200 
East Palo Alto, California 94303 
Telephone: (650) 327-3400 
Facsimile: (650) 327-3231 
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Contributed by R, C. Gallo, June 11, 2001 

Vi(« report, to our knowledge, the first HKV type 1 (HIV-1) transgenic 
(Tg) rat. Expression of the transgene, consisting of an HIV^1 
provirus wEth a functional deletion of gag and po/, Is regulated by 
the viral long terminal repeat. Spliced and unspllced vfra! tran- 
scripts were expressed in lymph nodes, thymus, liver, kidney, and 
spleen, suggesting that Tat and Rev are functional. Viral proteins 
were identified In spleen tissue sections by immunohistochemlstry 
and gp120 was present In splenic macrophages, T and S cells, and 
In serum. Clinical signs Included wasting, mild to severe skin 
lesions, opaque cataracts, neurological signs, and respiratory dif- 
ficulty. Histopathology included a selective loss of splenocytes 
within the periarterial lymphoid sheath, increased apoptosis of 
endothelial cells and splenocytes, follicular hyperplasia of the 
spleen, lymphocyte depletion of mesenteric lymph nodes, inter- 
stitial pneumonia, psoriatic skin lesions, and neurological, cardiac, 
and renal pathologies, immunologically, deiayed-type hypersensi- 
tivity response to keyhole limpet hemocyanin was diminished. By 
contrast, Ab titers and proliferative response to recall antigen 
(keyhole limpet hemocyanin) were normal. The HiV-1 Tg rat thus 
has many simiiaiities to humans infected with HIV-1 In expression 
of viral genes, immune-response alterations, and pathologies re- 
sulting from infection. The HIV-1 Tg rat may provide a valuable 
model for some of the pathogenic manifestations of chronic HIV-1 
diseases and could be useful In testing therapeutic regimens 
targeted to stages of viral replication subsequent to proviral 
Integration. 

HIV type 1 (HIV-1) infection is miirked by a consteliatioii of 
pathologies in addition to a variety of second^iry infections 
(1). These include central and peripheral neuropathies (2)> 
follicular lymph node hyperplasia (particularly early in infection; 
ref. 3), lymplioid depletion (at least in part involving apoptosis; 
refs. 4 and 5), interstitial pneumonitis (especially in pediatric 
cases; refs. 6 and 7), tubulointerstitial nephritis, glomeruloscle- 
rosis (8-10), wasting (11), and heart disease (12). 

To establish a small-animal model for HI V-associated pathol- 
ogies, several HIV transgenic (Tg) mice have been established. 
A Tat transgene was reported to cause dermal lesions resembling 
Kaposi sarcoma (13) or lymphoid hyperplasia in spleen and 
lymph uodes> and B ceil lymphoma (14) when expression was 
regulated by the viral long terminal repeat (LTR) or a heterol- 
ogous promoter, respectively. Expression of a nef transgene 
driven by the HIV-1 LTR also resulted in dermal lesions (15). 
More recently, Tg mice expressing mf under the control of a 
human T cell-specific promoter and mouse enhancer developed 
immunodeSciency with loss of T cells and alterations of T cell 
function (16). Tg mice also have been constructed with a 
^a^-po/'deleted HIV-1 provirus regulated by the viral promoter 
and are characterized by wasting/runting, psoriatic skin lesions, 
cataracts, and nephropathy. Some HIV-1 gene expression occurs 
in most tissues, but is highest in skin and muscle (17, 18). 

WM7w.pnas.org/cgi/doi / 1 0. 107 3/pnas. 1 6 1 290298 



Despite replicating some of the pathologies in humans, viral 
expression in many existent HIV-1 Tg mouse models is regulated 
either by heterologous promoters, resulting in expression in 
atypical tissues, or by the viral promoter, which gives the highest 
expression in skin. The viral promoter does not function nor- 
mally in mice, in part because mouse cyclin T does not interact 
functionally with Tat (19). We report here the construction of Tg 
rats that contain agflg-j?o/-deleted HIV-1 provirus regulated by 
the viral promoter. Unlike mice with the same transgene, 
efficient viral gene expression occurs in lymph nodes, spleen, 
thymus, and blood, suggesting a functional Tat. The Tg rat thus 
may offer significant advantages as a noninfectious small-animal 
model of HIV-1 pathogenesis. 

Materials and Methods 

Construction of HIV-1 gajf-poMg Rat. The construction of the 
plasmid from which the transgene was derived has been de- 
scribed (17), Briefly, a 3-kbp $ph\-Msc\ fragment encompassing 
the 3' region ^igag and the 5' region oi-pol was removed from 
pNL.4-3, an infectious proviral plasmid, to make the noninfec- 
tious HIV-l^'^^-J"^^ clone pBVdl443. A 7.4~kbp Eae\-Nae\ frag- 
ment containing the provirus and host ceil flanking regions was 
microinjected into fertilized one-cell Sprague-Dawley x Fisher 
344/NHsd Fl eggs as described (20). The experimental protocol 
was approved by the University of Maryland Biotechnology 
Institute Institutional Animal Care and Use Committee. 

Macrophages and B and T Ceil Isolation. Splenocytes were purified 
on Histopaque-1083 (Sigma), counted, divided into 3 aliquots of 
\5 X 10^ cells, and stained with primary mAbs by standard 
procedure (21). Each aliquot was labeled for 4.5 min at room 
temperature with a 1:100 dilution of anti-rat mAbs EDI 
(MCA34iR; Serotec), CD45RA (MCA340R; Serotec), or CDS 
(2201 ID; PhaiMingen), which are specific for rat macrophages 
and B and T cells, respectively. Cells {10'') were magnetically 
labeled with 20 jlJ of magnetic activated cell sorting (MACS) rat 
anti-mouse IgGl (471-02) or goat anti-mouse IgG (484-02) 
(Miltenyi Biotec, Auburn, CA) for 15 min at 6-12°C ITie 
magnetically labeled cell suspensions were separated by pos- 
itive selection on MS~f- separation columns placed in a Vai-i- 
oMACS magnet (Miltenyi Biotec), using the manufacturer's 
recommendations. 



Abbreviations: DTK delayed type hypersensitivity; HfiE, hematoxylin ancf aosin; HIV-1, HIV 
type 1; KLH, keyhoie limpet hemocyanin; PALS, periarterial lymphatic sheath; Tg, trans- 
genic; LTR, long terminal repeat; Th, T helper. 

^STo whom reprint requests should be addressed at: Animal Modei DJvi&ion, Institute 
Human Virology, 725 West Lombard Street Baltimore, MD 21201-1192. E-mail: 
bryaritSiJ mbLumd-edu. 

The publication costs of this article were defrayed fn part by page charge payment. This 
article must therefara b« heraby marked 'ac/^ffirt/sement" tn accordarKe with 16 U.S.C. 
gl734 solely to indicate this fact. 
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Histology, InHminochemistry, and Apoptosis. Tissues from Tg and 
non-Tg litter mates and Fisher 344/NHsd Sprague-Dawley con- 
trol rats were fixed in 10% neutral buffered formalin and 
embedded in paraffin. Five^microgratn tissue sections were used 
for hematoxylin and eosin (H&E) staining, immunohistochem- 
istry, and apoptosis assays. A modified avidin/biolin method was 
used for immuiiohistochemical localization of HIV gene prod- 
ucts (22). Paraffin sections were processed as described, exposed 
to antigen unnmsking solution (Vector Laboratories), incubated 
in 3% H2O2 for 20 min. and treated with avidin/biotin blocking 
solution (Vector Laboratories) and nonimmune sera appropri- 
ate for blocking the secondary Ab at a 1:5 dilution. Primary Abs 
(all from Advanced Biotechnologies, Columbia, MD, except 
where noted) included HIV-l gpl20 goat antiserum (13-202- 
000), diluted 1:50 and 1:100: HTV4 rabbit anti-HIV gpl20 
antiserum (13-204-000), diluted 1:100; mouse anti-HIV-1 gpl20 
mAb (NEN, Boston, MA; NEA 9301), diluted 1:150; mouse 
anti-HIV-l Tat mAb (13-162400), diluted 1:50 and 1:100; and 
mouse anti-HIV-1 Nef (13-152-lOOD), diluted 1:50 and 1:100. 
Biotinylated secondary Abs were incubated tor 2 h at room 
temperature with anti-mouse IgG (rat-absorbed), anti-rabbit 
IgG, and anti-goat IgG (Vector Laboratories), at dilutions of 
1:200-500, and labeled with Vecta Stain Elite ABC kit (Vector 
LaboratoriCvS), followed by addition of 3,3'-diaminobenzidine 
tetrahydrocliloride (DAB) peroxidase (Sigma) or the 3-amino- 
9-ethylcarbazoIe (AEC) substrate system (Dako) to visualize the 
immunolabel. 

Immunization of Rats. Ig and Fisher 344/NHsd control rats were 
immunized i,p. with 100 of keyhole limpet hemocyanin 
(KLH; Fierce) with complete Freund's adjuvant (Difco). Four 
weeks later, sera were collected, and anti-KLH end~point titers 
were determined by ELISA. Microtiter plates (NUNC Maxi- 
Sorp, Roskilde, Denmark) were coated with 2 jag/ml KLM 
overnight at A^C. Plates were washed, blocked with 5% milk 
powder J and incubated with serially diluted rat sera at 37''C for 
2 h. Bound IgG was detected with horvSeradish peroxidase- 
conjugated anti-rat IgG Ab. For detection of delayed type 
hypersensitivity (DTH), rats were challenged intracutaneousiy 4 
weeks after immunization with 50 fig of KLH, and the size of the 
induration was measured 24 h later. 

Proliferation Assays. Splenocytes (2.0 X 10^) were cultured in 0.2 
ml of RPMI medium 1640 with 10% (vol /vol) FBS in a microtiter 
plate with 50 jag/mlof KLH or 10 ;ig/ml of phytohemagglutinin. 
The cells were pulsed with 1 /xCi of [^Hjthynndine (6.7 Ci/mmol; 
NEN) for 18-24 h and hcu:vested onto glass fiber filters with a 
Micron 96-cell harvester (Skatron, Lier, Norway). Incorporation 
of plljthymidine was measured with a liquid scintillation 
counter. All experimenis were in triplicate. 

Statistics, The mean number of apoptotic splenocytes per high 
power fieldj DTH measurements, and KLH end-point titers 
between phytohemagglutinin-stimulated and unstimulated cells 
from Tg and normal offspring were compared by using an 
independent Student's t test for samples exhibiting normally 
distributed values. A Wilcoxon rank sum test was used for 
samples exliibiting non-normid distribution, l^wo-tailed lvalues 
were considered significant at ? < 0.05. 

Results 

Preliminaiy Analysis of H»V-1 Tg Rats. One female founder was 
produced that had very opaque cataracts. Mating with a wild- 
type Fischer 344/NHsd produced several Fl Tg and normal 
offspring. Fl offspring had very opaque (line 1) or very mild 
catai'acts (line 2). The i g animals were grouped according to 
cataract pheno types, and DNA was prepared from tail tips, 
digested withEcoRI, and analyzed fay Southern blotting (ref 23; 



A B 




Fig. 1. Detection and expression of transgene. {A) Detection of transgene. 
A Southern blot was perforrred on fcoR! digested DNA from tall sntps of a 
normal rat {15 /uug; lane 1) or Tg rats with mild (20 jxg; lane 2) or very opaque 
(5 jLtg; lane 3} cataracts, The blot was hybridized to an a-^^P-labeled 7.^-kb 
Eael-Nael fragment from pEVdl443. {B) Expression of transgene Rf^A A 
Northern blot was performed on total RNA isolate from various tissues and 
analyzed by Northern blot as described (32}. HIV-speciflctranscnpts {7-, 4-, and 
2-kb) were detected with an a-^^P-ldb^\edi'[3-}f,bp{Bgf\\/8g}\\)UzQr(\entUom 
pHXB2, containing gp41 and nef coding regions. HIV transcripts were quan- 
tified with a Storm 840 Phosphorlmager (Molecular Dynamics) and normal- 
ized for hybridization to 13S rRNA by using an appropriate probe, RNA was 
from the axillary (lane 1) and mesenta'lc (lane 2) lymph nodes, thymus (lane 
3), liver (lane 4), kidney (lane 5), and spleen (lane 6) of transgenic rat with 
highly opaque cataracts. The positions of the 7.0-ltb fulWength mRNA, 4-kb 
singly splfced &nv mRNA, and 2-fcb multipiy spliced mRNA are Indicated. 

Fig, lA). EcoRl cuts the transgene once. As shown in lanes 2 and 
3 of Fig, lA, the hybridization pallernfi of DNA representing the 
two phenotypes differed. Both gave bands corresponding to a 
full-length transgene, as indicated by the arrow, suggesting that 
both integration sites contained two or more tandem copies of 
the transgene. Other bands, presumably representing transgene- 
host junction bands or head-to -tail multiple tandem integrated 
transgenes, differed, suggesting that the transgene had inte- 
grated at two independently segregating sifes, one resulting in 
the opaque cataract phenotype and the other in mild cataracts. 
A brother-sister mating of Fl Tg rats from line 2 produced 
offspring with mild cataracts only. Southern blots of EcoKh 
digested DNA from offspring were identical to those of the 
parents. As judged by the relative intensity of iiybridization to 
Southern blots of Tg DNA compared with serial dilutions of 
known an^ounts of plasmid DNA quantified with a Phospho- 
rlmager (Molecular Dynamics), Tg rats from line 1 contained 
20-25 copievS, whereas those of line 2 contained only a few. 
Subsequent studies focused only on line 1 HIV-l. Tg rats, 

HiV-1 Transgene Expression. RNA from numerous tissues was 
analyzed for viral transcripts. Expression levels were generally 
highest in lymph nodes^ spleen^ kidney, and thymus. A repre- 
sentative Northern blot of lymph node RNA (Fig. LB) shows 
three viral -specific bands, representing full-length 7,4-kb 
mRNA, 4.0-kb singly spliced Env mRNA, and multiply spliced 
2-kb mRNA transcripts for Nef, Tat, and Rev. The presence of 
Tat in RNA in the 2-kb band from spleen RNA was confirmed 
by reverse transcript ion-PCR amplification and DNA sequence 
analysis (not shown). Formalin -fixed paraffm-embedded 5-ju,m 
sections of spleen from line 1 (Fig. IB) Tg rats were analyzed by 
immunoliistochemisti'y for Env gpl20, Nef, and Tat, AH three 
proteins were evident m cells within the red and white pulp of 
the spleen (Fig. 2A-C), Gpl 20 was present in cellular lysates of 
spleen-derived macrophages and B and T cells as judged by 
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Rg. 2. Pathology and transgene expression, A section of Tg rat spleen was 
stained for HiV gpl20 {A\ Net {B), and Tat (C). Cytoplasmic staining (dark 
brown) is evident for three proteins (original magnification = X60). 
H&E-stained sections of control (D) and Tg {E) lung are shown (X20), Arrow in 




Fig. 3. Transgere expression In splenocytes. Seven micrograms of protein 
from extractsof sp lee n-derlved macrophages (jane 3), B cells {lane 4), orTceifs 
(lane 5} was fractionated on a 4-12% NuPage gei (NOVEXj San Diego) and 
analyzed by Western blot, using a 1:100 mouse antl-HIV-l gp120 mAb (N£A 
9301, hfEN). Proteins were visualized by using the enhanced chemilurr ines- 
cence (ECL) plus Western blotting system (Amersham Pharmacia). Lane 1 
contained extractfrom a normal control spieen, and !ane 2 contained 30 ng of 
recombinant gpl 20 ss a positive control. 



Western blotting (Fig. 3). The animals were also antigenemic. As 
measured by ELISA^ sera contained 100-^200 pg/ml of gpl20 
(Table 1). Thus, in miirkcd contrast to Tg niice with the same 
proviral transgene (17, 18), Tg rats express viral gpl 20 in 
macrophages and B andT cells and shed it into peripheral blood. 

Pathology of Tg Rats. Cataract formation ranged from mild to 
highly opaque. Some Tg animals (>50%) presented with highly 
angiogenic corneas, Their lenses had marked vacuolization, 
liquefaction, and fragmentation (not shown). In additioji to 
cataracts, HIV-1 Tgrats developed many clinical manifestations 
of AIDS by 5-9 months of age, including weight loss, neurolog- 
ical abnormalities, and respiratory difficulty, Generally, neuro- 
logical abnormalities were characterized by circling behavior and 
hind-limb paralysis. Often (>70%), the lung showed mild inter- 
stitial pnetimonia characteri/.ed by mild to moderate interstitial 
fibrosis and mononuclear cell infiltration (Fig. 2 D and E), 
Mesenteric lymph nodes (>40%) were generally enlarged, and 
many histological sections showed lymphoid depletion and fi- 
brosis (F'ig, 2 F and G), Many Tg rats (>20%) had focal to 
extensive ulcerative skin lesions (Fig, 2H and/), Histologically, 
the lesions were hyperkerototic, with elongation of the rete 
ridges. The kidneys from clinically ill rats (>90%) were diffusely 
pale, and the capsular surface was pitted, similar to what is seen 
with HIV-1 associated-nephropathy. H&E-stained kidney sec- 
tions showed a spectrum of renal disease vai'ying from mild to 
severe. Generally, glomeruli in Tg rats contained increased 
periodic acid/SchifC reagent (PAS) -positive maleriai^with either 
segmental or global sclerosis. Some glomeruli showed mesangial 
hypercellularity and enlargement of visceral epithelial cells. 
Sih'er staining confirmed that the PAS-positive tissue within the 



f indicates area of interstitial thickening. H&E-stained sections of control (f) 
and Tg (G) mesenteric lymph node (xlO) are shown, Note normal follicle (*, f) 
and hemorrhage, lymphoid depletion, and vascular proliferation InTg section 
(G), Gross tail and foot lesions {H) and H&E-staired Tg skin tx60), Note 
psoriatic skin lesions with hyperlteratosis and mononuclear cell infiltrate 
(arrow, /). H&E-stained control kidney shows normal glomerulus (*) and renal 
tubule {arrow, J): Tg kidney shows focal glomerulosclerosis (*) and tubuioin- 
terstitfa! disease (+, K: X60). H&E-stained heart section {L) shows myocardial 
inflammation with mononuclear cell infiltration (arrow) (X50), Astrocytes 
from normal [M) or Tg (/V) brains were stained for glial fibrillary acidic protein 
(GFAP; X40), Staining for GFAP was as reported (22), using antl-GFAP Ab 
(U703S; Dako). Staining of normal brain was limited, butlg brain was heavily 
stained, indicating reactive gifosis, a maricer for central nervous system dam- 
age, (O) Blood vessels in Tg brain were stained with ApopTag (X60); arrow 
Indicates vascular endothelial apoptosis. 
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Tabid 1. Serum gp120 in Tg rats 
Tg rats 



gp120, pg/ml* 



Tg no. 1 
Tg no. 2 
Tg no. 3 
Tg no. 4 
Tg no. 5 
Tg no. 7 
Tg no. B 
Tg no. 9 



151 
129 
121 
85 
172 
235 
164 
217 



The expressfon of gpl20 envelope protein in the serum was assayed by 
ELiSA antigen capture assay The average gp1 20 concentration in theserum of 
hemizygous rats (n = 9) was 141 pg/ml (A), 

*Capture ELfSAs were done in triplicate on Tg rats with negative controls {n - 
8). A mean adjusted value (76.6) for negatfve controls was subtracted, 



glomeruli was composed of matrix material (not shown). The 
renal tubules showed microcystic tubular and tubulointerstitial 
pathology characterized by tubular degeneration, interstitial 
fibrosis^ and mononuclear cell infiltration (Fig, 2 / and K). The 
heart generally was round and pale in color (not shown), Some 
hearts from Tg rats showed evidence of endocarditis and myo- 
cardial inflammation characterized by necrosis, mononuclear 
cell infiltrates, and multiple vascular abnormalities (Fig. 2L), 

Tg rat brains with or without clinical neurological signs were 
grossly unremarkable. However, pathologic changes were evi- 
dent in rats with clinical signs. Capillaries and endothelial cells 
presented with atypical changes, such as microscopic hemor- 
rhages and endothelial cell apoptosis, in a multifocal distribution 
(Fig, 20). Foci of gliosis together with neuronal cell death were 
noted, particularly in animals with clinically observable signs 
(Fig. 2N}. For comparison, Fig. 2M shows a normal section of 
brain. Alttiough the distribution of these changes seemed ran- 
dom, when they occurred with increased severity in focal areas 
of the brain, corresponding neurological deficits were noted. For 
example, animals with motor problems presented with greater 
severity of changes in the caudate put amen and substantia nigra, 

Tg rat spleen was generally normal in size. vSpleen tissue 
sections showed a loss of splenocytes within the periarterial 
lymphatic sheath (PALS), expansion of the marginal zones, 
follicular hyperplasia, and apoptosis of endothelial cells and 
splenocytes (Fig. 4 A and B). Apoptosis of splenocytes was 
evaluated by counting ApopTag (Intergen, Purchase NY)- 
positive ceils per high-powered field in 5-moath-old male rats 
and was significantly elevated compared with age- and sex- 
matched noo-Tg controls (P < 0.01; Fig. 4C). 

Immune function of HlV-1 Tg Rats. To evaluate immune function, 
Tg rats and age-matched controls were immunized with KLH, 
and the resultant KliJ-specific DTH responses ajid anti-KLM 
Ab titers were determined. The DTH response was determined 
from the extent of induration present at 24 h. ITie induration was 
significantly lower relative to controis (P < OM; Table 2). In 
contrast, there was no significant difference m anti-KLH-specific 
Ab titers, suggesting that the Tg rats have an abnormal T helper 
{Th)-1 response but normal ni2 function. The mean prolifera- 
tive response of spleen cells from aduit Tg rats to nonspecific 
mitogen (phyto hemagglutinin) was significantly increased after 
6 days compai'ed with litter mate controls (P = 0.0062; Table 3). 
However, there were no statistical differences in the T cell 
proliferative response of splenocytes from vaccinated rats to a 
recall antigen (KLH). 

Discussion 

We report, to our knowledge, the first HIV-1 Tg rat. The 
Iransgenc, consisting of an HIV-l provirus deleted for gag and 
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Fig. 4. Pathology and apoptosis in Tg rat spleen. (A) H&E-stalned control 
spEeen, ^ote T cell region (PALS) (*) and 8 cell region (marginal 2one) {+) 
(original magnification X60), [B) H&E-stalnedTg rat spleen {X60). Note loss of 

T cells within the PALS {*], The two + show the marginal zone. (C) Rve- 
mlcrogrgm tissue sections were assayed in situ for apoptosis by using an 
ApopTag Icit. Spleen sections from 5-month-old rr^aieTg and Fisher 344/NHsd 
control rats were taken from 3 animals per group, and apoptotic cells from 
each section were enumerated 3 times at x400 by using a Nikon Ubophot-2 
light mkroscope The entire tissue section was counted by using a stage 
micrometer to pick successive nonoverlapping fields. The * shows the statis- 
tically significant difference between HIV-1 transgenic r^ts and age-matched 
controls. 



pol, is expressed in lymphoid tissues, including lymph nodes, 
spleen J thymus, and blood. ITie Tg rats exhibit pathologies and 
immune irregularities characteristic of HIV-1 infection of 
humans. 

The tissue-specific pattern of viral gene expression is of 
interests To model vir^ gene expression in infected humans, we 



Table 2. Antibody and DTH responses to KLH In HIV-1 Tg rats 



Exp. 
group 


Observations 


Anti-KLH 
Ab titer 


Anti-KLH DTH. 
mm diameter 


SE 


Tg* 


12 


7,4 


NA 


0.19 


Control* 


6 


7.9 


NA 


0 


Tg^ 


10 


NA 


3.5* 


0.7 


Control^ 


6 


NA 


10.8 


1.4 



NA, not applicable. 

*Tg and non-Tg rats were immunized i.p. with 100 /ttg of KLH wtth complete 
Freund's adjuvant. Four weelcs later, sera was coilected, and end-point 
anti-KLH Ab titers were determined by ELISA. The results are expressed as 
mean ± SE (iogarithm 10) of end-point titers. 

^immunized rats werechaHengedwIth SO ^Ji-g of KLH intracutaneously, andthe 
size of the Induration was measured 24 h later. Results are expressed as 
mean ± SE of diameter of induration (mm). 

^Indicates a statistical significance between HiV-1 Tg and non Tg rats. 
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Table 3. Proliferative response of splenocytes from Tg 

I^H]thymidine incorporation of 
stimulated spleen cells, Acpm 



Exp. group Observations PHA KLH SE 



Tg* 


8 


28,289' 


NA 


7,201 


Control* 


5 


2,138 


NA 


t.070 




4 


NA 


89,202 


18,147 


Controi^ 


3 


NA 


92,475 


24,260 



NA, not appikabfe. 
*Spleen cells (2 x 10^) from HIV-1 Tg or non-Tg rats were cultured with 10 
^g/m \ of PHA at 37' C for 6 days. 

^Spleen cells {2 x lo'*) from HIV-1 Tg or non-Tg rats immunized with KLH 4 
weeks previously were c ultursd with 50 jug/ml KLH at 37°C for 5 days. A! I eel Is 
were labeled with 1 ^Cl [^Hjthyrm Idlneforthe last 18-24 h, harvested, andthe 
incorporated radioactivity counted. The results are expressed as mean ± SE of 
thymidlr^e fncorporation in triplicate cultures. 

♦indicates a statistical significance between Tg and non-Tg rats. 



used Ihe viral Li R to regulate the transgene. LTR-reguhited 
gene expression depends on transactivation by the viral Tat 
proteiii> which requires celluhir cyclin T as a cof actor. Mouse 
cyciin T is not functional with Tat, and LTR-driven expression 
in Tg mice differs from expression in humans, with the highest 
levels in skin and muscle. In contrast, viral genas are efficiently 
expressed in lymphoid tissues of Tg rats, similar to infected 
humans, suggesting that rat cyclin T is functional A similar 
suggestion has been made by Bieniasz and Cullen (24). Three 
sizes of viral transcripts can be detected, including a 7.4-kb 
unspliced mRNA, a 43-kb singly spliced (env) niRNA, and a 
2-kb multiply spliced {tat, rev, and nef) mRNA, similar to 
infected human cells, suggesting that Rev, a viral protein that 
regulates splicing, can also function in rats. 

Clinical manifestations, similar to those in humans infected 
with HIV, are evident in the Tg rats, including neurological 
changes, respiratory difficulty, and cataracts. The neuropathol- 
ogy includes reactive gliosis, neuronal cell loss, lymphocyte 
infiltration, and aiteradon of endothelial cells with loss of 
blood- brain barrier integrity. There is a degeneration of pe- 
ripheral nerves and skeletal muscle atrophy similar to that in 
infected humans. The Tg rat could be a useful model of 
HlV-central nervous system interactions, becau.se the neuro- 
anatomy, neurophysiology, neuropathology » and behavior of rats 
are well studied. 

Pneumonitis associated with HIV-1 infection is common in 
pediatric cjises of AIDS (6); however, its pathogenesis is not well 
understood. Most cases of pneumonia in people infected with 
HIV-1, ai'e characterized by lymphocytic interstitial pneumonitis. 
Respiratory difficulty in the Tg rats Ls correlated with a mild 
expansion of the lung interstitium by a mononuclear infiltrate. 
The pneumonia in the Tg rats is unlikely to be caused by 
opportunistic infections, because of their pathogen-free status, 
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Sterile housing conditions, and certified diet, suggesting that 
pathogenesis is mediated directly by the HlV-1 transgene. 

Cardiac disorders including myocarditis and cardiomyopathies 
have been reported in patients infected witli HiV^ but their 
etiopathogenesis is uncertain (12, 25, 26). The cardiac pathology 
seen in the Tg rats is grossly and microscopically sfmilai* to that 
in infected people, suggesting that this could be a useful model 
for the study of HiV-associated cardiac disease. There is con- 
troversy about the role of HIV as the primary etiology of cardiac 
pathology; opportunistic infections, cardiotoxic substances, nu- 
tritional deficiencies, and autoimmune reactions have been 
suggested as contributing factors. Because the Tg rats are 
pathogen -free, the observed cardiac abnormalities are likely 
caused by viral gene product activity rather than opportunistic 
infections. 

Renal abnormalities are frequently seen in AIDS, especially in 
African-American patients (8, 27, 28). The most typical is HIV-1 
associated -nephi-opalhy (HI VAN), occurring in 10-15% of ail 
infected African- American patients. HI VAN includes proteinuria, 
neplirolic syndrome, focal or segmental glomerulosclerosis, and 
tubulo-iriterstitial disease, rapidly progressing lo end>stage renal 
disease. The pathogen asis is not completely understood but likely 
involves the direct effects of HIV-1 and cytokines such as basic 
fibroblast growth factor (bFGF) and transforming growth factor 
(TGF)-j3 (28) that are secreted by infected cells (29). The Tg rat 
offers a potential model for HI VAN and related conditions. 

HIV-1 Tg rats have selective immune abnormalities. There is 
a markedly decreased DTH response but Ab titers and the 
proliferative response of splenocytes to KLH antigen is normal. 
Lymphoid tissues manifest an AIDS-like histopathologyj includ- 
ing lymphocyte depletion in lymph nodes, severe splenic hyper- 
plasia with loss of cells around the PALS, and increased apo- ^ 
ptosis of splenocytes. Viral proteins are expressed in spleen T g 
and B cells and monocytes. This hyperplasia and cell ioss may be • 
caused in part by abnormal trafficking of cells or by abnormal or 
selective proliferation and loss of lymphocyte subsets. It has ;: | 
recently been shown in mice that CDSct^ dendritic cells and 
naive and Thl T cells concentrate within the PALS, whereas 
CD8a^ dendritic cells and Th2 cells form loose rings ai-ound the 
outer PALS in close proximity to the B cells (30, 31). It is 
tempting to speculate that the loss of T cells around the PALS 
and in lymph nodes^ the increased apoptosis in spleen, and the 
diminished DTH reaction are the results of a common mecha- 
nism affecdng Thl development or trafficking. Taken together 
with the pattern of pathologies that occur, the HlV-1 Tg rat 
is potentially a highly useful small -animal model for AIDS 
pathogenesis. 
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Overexpression of human apolipoprotein A-l In 
transgenic rats and the hyperlipoproteinemia 
associated with experimental nephrosis 
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and Edward A. Fisher^t 
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Abstract Hyperlipoproteinemia contributes both to kidney 
disease progression and the development of athero«:]erosis. 
Elevated hi^ density lipoprotein chole&ceml and apolipopro- 
tein A'l (apoA-l) serum levels are independent factors proCec- 
tivc against the athero«:lerodc process. We examined the 
effects in a transgenic ral model of human apoA-I expression 
on the hyperlipoproteinemia and edema after puromycin 
anunonucleoside-induced nephrosis in three groups of ani- 
mals: low line (TgR[hAI]iow, human plasma apoA-I ~ 16*0 
mg/dl); high line (TgR[hAI]high. 284 mg/dl); and non-trans- 
gcnic litter mates (TgR[hAI]non). Nephrosis increased total 
plasma apoA4 levels 2-fold in TgR[hAI]non rats (75 vs. 162 
rag/dl) and 4-fold in the TgR(hAI]\ow (97 vs. 458 mg/dl) and 
TgR[hAIjhigh rats (556 vs. 1,346 mg/dl). In both transgenic 
lines, this increase was due mainly to elevations of scrum 
human apoA-I. The hepatic steady-state levels of rat apoAJ 
mRNA increased 5- to 7-fold in ail three groups, ^nhx{<t human 
apoA-I mRNA levels increased 21- and 65-fold in the low and 
high expressing groups, respectively, indicadng a diiTcrent 
degree of responsiveness of the rat and human genes. While 
nephrotic TgR[hAI]tion and TgR[hAI]iow rats shov^cd severe 
hyperlipoproteinemia and edema, much lower levels of 
edema and of serum triglycerides, phospholipids, and choles- 
terol were seen in the TgR[hAl]high group. Urinary excretion 
of apoA-1, phospholipids, and cholesterol was significandy 
increased in the TgR[hAl]high group^ indicadng this as one 
possible mechanism for the relatively lower serum levels of 
these lipids. II Wc conclutle that the human apoA-I gene is 
responsive to nephrosis and that human apoA-I-transgenic 
rats with this syndrome provide an animal model for the 
study of human high density lipoprotein and apoA-I metabo- 
lism.— Burkey, B. F., D. France^ H. Wang, X* Ma, B. Brand* 
C. Abuhani, M. R, Diffenderfer, J. B* Marsh, J. R. Patemiti, 
Jr*, and E, A» Fisher., Overexpression of human apolipopro- 
tein A-l in transgenic rats and the hypcrltpoproteinemia asso- 
ciated with experimental nephrosis./. Lipid Res. 1995. 36i 
1463--1473, 

Supplementary key words high density lipoprotein • kidney disease 
• puromycin aminot\ycl«rtside • hyperlipidemia • proteinuria 



Hyperlipoproteinemia is a common feature of the 
nephrotic syndrome and other glomerular diseases in 
both humans and experimental animals (1^4). While, in 
the general population, hyperlipoproteinemia is a 
strong risk factor for coronary artery disease, in those 
with renal disease its potential for adverse consequences 
may be further increased by contributing to the progi es- 
sion of glomerular dysfunction (5). 

]n previous studies of non-transgenlc rats with experi- 
mental nephrotic syndrome, a hallmark of the hyper- 
lipoproteinemia has been the overproduction by the 
liver of apolipoprotein A-I (apoA-I) (4). Thus, in spite of 
urinary losses of high density lipoprotein (HDL) (6), 
serum levels of HDL cholesterol typically increase, con- 
tributing to the hyperlipidemic state. The overproduc- 
tion of hepatic apoA-I has been shown to residt from 
increased apoA-1 syntiiesis (7), and in more recent stud- 
ies this was attributed to increased apoA-1 gene expres- 
sion (8-^10). 

The availability of transgenic rats expressing human 
apoA-l (h-apoA'l) (U) allowed us to determine whether 
the human gene also responds to the nephrotic state. In 
addition, by studying lines with different quantitative 
levels of basal h-apoA-l expression (low and h^h), we 
were able to explore relationships among the degree of 
h-apoA-I production, the serum levels of apoA-I and 
apoB-containing lipoproteins, and the severity of the 
nephrotic state. 



Abbreviations: TgR, transgenic rac; FPLC. fast protein liquid 
chroraaiography; TBS, Tris-buffered saline; PAN. pummydn 
aminonudeoside; h-apoA-I, human apolipoprotein A*!. 

'Reprint requests may be addressed to either author. 
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The results demonstrate that the h-apoA-I gene re- 
sponded to the nephrotic syndrome in each transgenic 
group (low and high basal expressors). Furthermore, 
when nephrosis was induced in the gioup with high 
basal expression, compared to non-transgenic controls 
and low expressors, there was suppression of edema and 
less hyperlipoproteinemia, associated with increased 
urhiary excretion of apoA-I, cholesterol, and phos- 
pholipids. Thus, in addition to the value of these two 
groups ot transgenic rats to studies oihpid and apolipo- 
protein metabolism, their differing responses to neph- 
rosis could potentially be used lo test the effects of 
plasma lipid and lipoprotein levels on the progression 
of glomerular dysfunaion in experimental renal dis- 



ease. 



MATERIALS AND METHODS 



Induction of experimental nephrosis 

Transgenic rats were generated by microinjection of 
a 13 kbp DNA fragment containing the human apoA-1 
gene plus 10 kbp of 5' and 1 kbp of 3' flanking sequence. 
Two established transgenic rat lines, TgR[0hAI]7 and 
TgR[0hAl]2, express moderate and high levels of h- 
apoA-I, respectively. Both Knes were originally made 
using OFA rats (Oncins France Strain A derived from 
the Sprague-Dawley strain) and subsequently rederived 
to a Sprague-Dawley background (U). TgR[0hAI]7 will 
be referred to as TgRthAI]iow, TgR[0hAI]2 will be re^ 
ferred to as TgR[hAI]high, and non-^transgenic litermates 
will be referred to as TgR[hAI]non. Male rats, 10 per 
group, age 7-11 weeks were used. In each group, experi- 
mental nephrosis was induced in one-half of the rats by 
bolus intraperitoneal injections of puromycin aminonu- 
cleoside (PAN) at 65 mg/kg body weight (No P-7103; 
Sigma Chemical Co., St. Louis, MO) in saline, on 2 
consecutive days. All other animals were injected with 
equivalent volumes of saline. Within 8 days, the re- 
sponse to PAN treatment was readily apparent as peri- 
toneal edema, which could be clinically graded {by a 
blinded observer) over a range of slight to severe. Ani- 
mals were killed 8 days after the inidat injection of PAN 
or saline. Whole blood for serum isolation and livers 
were collected at the time of killing. In a separate 
eicperiment, urine was collected from four TgR[hAI]non 
and four TgR[hAI]high rats by placing them in metabolic 
cages 20 h prior to killing. All animal studies were 
performed under a protocol approved by the Animal 
Care Committee of the Medical College of Pennsylvania 
and the Sandoz Animal Care and Use Comtnittee. 



Serum lipid analysis 

One part of serum was diluted with four parts of 
distilled water for the analysis of total scrum cholesterol 
trigiyceride, and phospholipid. In a 96-weU microplate 
(Nunc-Immuno Plate MaxiSorb, InterMed) 26 \iL of 
diluted serum was assayed for its lipid content by the 
addition of 200 \xL cholesterol reagent (No. 352-1000. 
Cholesterol 1000, Sigma), or 200 trigiyceride reagent 
(No. 450032; Triglycerides/GB, Boehringer Mannheim 
Co,, Indianapolis, IN), or 200 jiL phospholipid reagent 
(No, 996-54001; Phospholipids B, Wako Pure Chemical 
Industries^ Osaka Japan) as specified by the manufactur- 
ers. Samples were developed by incubating for 30 min 
at room temperature and absorbance was determined 
at 490 nm. Equivalent dilutions of calibrated lipid stand- 
ards (No, C 0534, Cholesterol Calibrator Set, Sigma) and 
calibrated controls (No. L 1008, Lipid Control-E and No. 
L 2008, Lipid Control-N, Sigma) were used as reference 
stamdards. Fractionation of serum lipoproteins by Su- 
perose-6 gel permeation chromatography was per- 
formed with a robotic FPLC system as previously de- 
scribed (12), Briefly, the column matrix was equilibrated 
with Tris-buffered saline (TBS, 50 mM Tris, pH 7,4, 0.15 
M NaCl) containing 0,01% sodium azide at 0.5 niL per 
min. Serum, 200 ^L, was injected and 40 0.5-mL frac- 
tions were collected at a flow rate of 0.5 mL/min. The 
cholesterol profile was determined on an SO-M-L fraction 
with 120 ^.L of cholesterol reagent (No. S1423, Fast 
Cholesterol Sclavo, Wayne, NJ). After incubation at 
room temperature for 30 min, absorbance was deter- 
mined at 490 nm. 



Urine lipid analysis 

Rats were placed in individual metabolic cages and 
urine was collected overnight. Aliquots were analyred 
for cholesterol and phospholipids. Proteins were first 
precipitated with 10% trichloracetic acid and the pre- 
cipitates were extracted twice at room temperature with 
1% trichloracetic acid in ethanol. The precipitates were 
dissolved in 0.1 N NaOH and protein concentrations 
were measured by the micro-biuret method (13). 

The supernatant solution was treated with 3 voltmies 
of ether to precipitate the acid-alcohol-soluble protein. 
The protein was dissolved in 0.1 N NaOH and its 
concentration was determined (13). The sotvents were 
removed from the lipid extract, which was then re-dis- 
solved in chloroform- methanol 2:1. Water-soluble sub- 
stances were removed by the method of Folch, Lees» and 
Sloane Stanley (14). Cholesterol and phospholipid in the 
chloroform phase of the Folch extract were determined 
by the methods of Zlatkls, Zak> and Boyle (15) and 
Sokoloff and Rothblat (16)» respectively. 
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Nondenatunng gradient gel electrophoresis <^ 
serum lipoproteins 

Total lipoproteins from 200 |iL serum, adjusted to d 
L23 g/mL with potassium bromide, were isolated by a 
(42,000 rpm) single-spin density ultracentrifuga- 
tion in aTi42.2 rotor (Beckman Instruments, Palo Alto, 
CA). Two parts of lipoprotein fraction (the upper 60 \iL 
sample from the spin) were mixed with one part of 
Sudan Black B (7 mg/mL in polyethylene glycol) and 
incubated at room temperature for 2 h. Lipoproteins 
from 20 jlL were loaded onto a nondcnaturing polyacry- 
lamide gradient gel <PAA 2/16; Pharmacia LKB, 
Uppsala, Sweden) and resolved by electrophoresis at 
125 V for 16 h in 89 mM Tris. pH 8,3, 89 mM boric acid, 
and 2,6 mM EDTA (No. SA 100033, THE Seprabuff, 
Integrated Separation Systems. Natick, MA). After lipid- 
containing bands were identified, apolipoproteins and 
molecular weight markers were visualized by staining 
with Coomassie Brilliant Blue (No. B-8647, Brilliant 
Blue Sigma). 

Quantitation of serum apoA-1 

Levels of human and rat apoA-l were determined by 
competition ELISA. For the h-apoA-I assay, microplate 
wells {Nunc-Immuno Plate MaxiSorb, Baxter Scientific, 
Edison, NJ) were coated overnight at 4X with 0.4 fig per 
weil of purified h-apoA-I (No. A-9284, Sigma), then 
blocked for 2 h at room temperature in TBS containing 
5% bovine serum albumin (BSA). Assay plates were 
incubated overnight at room temperature with rat se- 
rum diluted 1:20 in TBS containing 4% Tween-20 (pre- 
heated to 52°C, 1 h) and goat and-human apoAJ im- 
mune serum diluted 1:10,000 in TBS containing 4% 
Tween-20. Anti-human apoA-I immune serum was gen- 
erated by immunizing a goat with h-apoA-I isolated from 
human HDL^ and purified by electroeiudon of a single 
band from an SDS polyacrylamide gel (17). After wash- 
ing, bound anti-human apoA-I antibodies were tagged 
with alkaline phosphatase-conjugated rabbit anti-goat 
IgG (No, A-7650, Sigma) diluted 1 : 1,000 in TBS contain- 
ing 2% BSA and detected using 200 jxL of a 1 mg/mL 
phosphatase substrate (No. 104-0, Sigma) dissolved in 
2% diethanolamine. After incubation at room tempera- 
ture for 30 min, the absorbance was determined at 405 
nm. Standard curves were made by serial dilution of 
human scrum containing known amounts of h-apoA-I. 
There was no detectable cross-reactivity (by either im- 
munoblot or ELISA format) of the anti-human apoA4 
immune serum for rat apoA-I. The assay was linear over 
the range of L5-24 \xg apoA-i per well. 

The rat apoAJ ELISA was identical to the above 
ELISA, except 800 ng of rat apoA4, purified from rat 
HDL by preparative SDS PAGE (17), was used to coat 
each well of the microliter plate. Diluted rat serum 



samples were not preheated, and goat and-rat apoA-I 
immune serum was diluted 1:7,500. And-rat apoA-I 
immune serum was generated by immunizing a goat 
with rat apoA^I isolated from rat HDLs and purified by 
electroeiudon of a single band from an SDS polyacry- 
lamide gel ( 1 7). Standard curves were made by diludon 
of rat serum containing known amounts of rat apoA-L 
Minor cross-reactivity of and-rat apoA-I antiserum for 
h-apoA-I was removed by affinity chromatography over 
a human scrum affinity column. The assay was linear in 
die range of 0,9-15 jig of apoA-I per welL 

Nonrreducing SDS-PAGE anaiysU of serum and 
urine proteins 

Rat serum or urine (3 ^.L) W2is mbced into Tris-SDS 
sample solubilizadon buffer (No. SA10005I, Tris-SDS 
SepraSOL, Integrated Separadon Systems) to yield a 50 
|xL final volume. Samples were heat-denatured at 80*'C 
for 15 min, and loaded on an U% SDS polyacrylamide 
geL Proteins, resolved by electrophoresis at 75 V for 6 
h, were visuaH7.ed by staining widi Coomassie Brilliant 
Blue. 

Density gradient ultracentrifiigation of total seium 
lipoproteins 

Pools of serum (1 mL) from each treatment group 
were density adjusted to 1.23 g/mL with potassium 
bromide in 14 x 95 mm polyaliomer centrifuge tubes 
(No, 331374, Beckman). Four potassium bromide solu- 
tions of descending density from 1.15 to LOl g/mL 
were layered over the serum sample and ultracentri- 
fuged in a Beckman S W40Ti rotor at 35,000 rpm for 36 
h at 4'*C. lipoproteins were collected by pumping a L30 
g/mL potassium bromide solution at a rate of 0,4 
mL/min through a 20-gauge needle inserted through 
the tube wall at the bottom of the centrifuge tube. 
Fractions of 0.2 mL were collected for analysis of total 
cholesterol, h-apoA-I and rat apoA-L 

Isolation and analysis of hepatic RNA 

Total RNA was isolated from rat liver by a modified 
guanidine salt-based procedure previously described 

(18) . Ten-[ig aliquots of RNA were mixed in loading 
buffer (50% formamide, 16% formaldehyde, 50 mM 
MOPS, 2 mM EDTA, pH 7.0), heated to 56X for 30 min, 
rapidly chilled on ice, and electrophoresed at 50 V for 
3-5 h on a 1% agarose gel containing 17.75% formalde- 
hyde, 50 mM MOPS, 2 mM EDTA, pH 7.0. Resolved RNA 
was transferred to a nylon membrane (ZetaProbe, Bio- 
Rad, Melville, NY) by passive capillary transfer in 50 mM 
NaOH and UV crosslinkcd. Oligonucleotide probes 
complementary to the rat and human apoA-I mRNAs 
were labeled by the T4 polynucleotide kinase technique 

(19) widi [f^?]AT? (3000 Ci/mmol. New England Nu- 
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clear, Boston, MA). All blots were prehybridized for 4-5 
h at Bb^'C in 5 X SSC, 20 mM sodium phosphate, pH 7.0, 
10 X Denhardt*s solution, 7% SDS, with 100 jig/mL 
denatured salmon sperm DNA. Heat-denatured probes 
were hybridized to the immobilized RNA at 65**C tn 
hybridization buffer (the same as prehybridization buH- 
er, but with the addidon of 10% dextran sulfate). The 
blots were washed twice with 0,5 x SSC, 0>1% SDS at 
room temperature, then once with 0.1 x SSC, 0 J% SDS 
at 65°G. Blots were then exposed to a phosphor screen 
overnight and scanned on a Molecular Dynamics Phos- 
phoimagcr. The intensity ol the hybridization signal was 
normalized to elongation factor 1 a, as described by Lu 
and Werner (20)» and expressed as relative to this con- 
trol. 

Values are given as die mean ± standard error of the 
mean. Statistical differences between treatment groups 
were sought by using Student's t test. 



RESULTS 

Hat and human apoA-I protein and mSNA levels 

As previously reported (21, 22), total serum apoA-I 
increased after the induction of neplirusis (Table 1). 
However, a more pronounced total apoA-1 elevation 
fKTCurrcd in TgR[hAI]iow and esp>edaUy in TgR[hAI]high 
nephrotic rats, where apoA-I replaced albumin as the 
major $erum protein (see Fig. 4A), The increase in total 
apoA-I in the TgR[hAl]iow and TgR[hAI]hLgh nephrodc 
rats was primarily due to increased h-apoA-I levels. Rat 



TABLE 1. Rat and human apoA-I serum Jeve!s 8 days after PAN 
(nephrotic) or safine (control) injection 



S^rum ApoA-l Levels 



Group 


Rat ApoA4 


Hunun ApoA>l 


lotai ApoA-[ 






m^dL 




TgR[hAiJnon 








Control 


76.2 ±10,0 




75,2 ± 10.0 


Nephrotic 


162.4 ±26.6 




162.4 ±26.6 


N/C 


2.16" 












97.2 ± 8.7 


Control 


81.2 ±10.4 


16,0 ±4.7 


Nephrotic 


m,4±9.i 


530.8 ±51,7 


458.2 ±44.0 


N/C 


1.57* 


20.68^ 


4.71" 


TgR[hAIlhiB^ 








CoRirol 


71.8 ±177 


ma ±113.4 


366.0 ±96.1 


Nephrotic 


38.3 1 5.9 


1307.5 ±186.0 


1S45.8± 191.3 


N/C 


0.53* 


4.60" 


3.78" 



Human and rat apoA-1 were measured by species^pecific competi- 
tion ELLSA. Values are given as mean ± SEM, rt 5; totiil apoA-I is the 
sum of rat and human values. The change from control in each group 
is expressed as the ratio of N/C (nephrotic/ control). 

*P < 0.06; < 0.005; ^no significant difTerence* where the two groups 
are Matistlcally different as determined by Student** MciL 



apoA-1 actually decreased in the aephi'oticTgR[hA[Jhigh 
group. 

We have shown previously that the genetic construct 
used to produce lgR[hAl]iow and TgR[hAl]high rats 
drove the expression of h-apoA-I in the liver btil not in 
the intestine (11). Hepatic rat and human apoA-I mRNA 
levels were measured by Northern blot hybridization in 
control and nephrotic rats (Fig. 1 and Table 2). Similar 
to previous reports (8-10), the induction of experimen- 
tal nephrosis significantly increased the steady-state lev- 
els of rat apoA-1 mRNA (5- to 7-fold) over the controls. 
By contrast, h-apoA-I mRNA levels were elevated 2 1 -fold 
in TgR[hAI]io„ rats and 65-fold in TgR[hAIjhigh rats. 
These data demonstrate that rat and h-apoA-I mRNA 
and protein were differentially elevated by the induction 
of experimental nephrosis. 

£ffects of kuman apoA^I on FAN-induced 
hyperlipopToteinemia 

In control TgR[hAI]high rats, expression of h-apoA-I 
was associated with raised circulating levels of choles- 
terol (51.2%) and phospholipid {66.5%} compared with 
TgR[hAl]non rats, while triglycerides were unchanged. 
The increased serum levels of cholesterol and phos- 
pholipid in TgR[hAl]high rats reflected expansion of the 
HDL pool, evident in the FPLC lipoprotein cholesterol 
profile of Fig. 2A, and were consistent with our previous 
report (11). The minor contribution of h-apoA-I in the 
control TgR[hj\I]]ow rats was not enough to alter total 
serum lipid and lipoprotein profiles. 

Consistent with the model of experimental nephrosis 
(4) J marked elevations of total cholesterol (^460%), 
phospholipid (+212%), and triglyceride (+627%) oc- 
curred in TgR[hAl]non rats after PAN induction. The 
degree of lipid elevation in nephrotic TgR[hAI] non rats 
and nephrotic TgR[hAI]iow rats was virtually identical 
(Table 3). By contrast, the induction of experimental 
nephrosis in TgR[h AI]high animals produced only a mod- 
est elevation (+52%) of total serum cholesterol and 
actually decreased phospholipid levels (Table 3). Total 
serum triglyceride increased 219% (control: 70.1 
mg/dL vs. nephrotic: 223.7 mg/dL). However^ this 
elevation was less than one-half of the response of 
nephrotic TgR[hAl]non or TgR[hAI]iow rats, and was not 
statistically significant (P = 0.092). Thus, overcxpression 
of h-apoA-1 in the TgR[hAI]biRh rats suppressed the 
hyperiipoproteinemia associated with experimental 
nephrosis. 

To obtain lipoprotein profiles, serum samples were 
fractionated by FPLC gel permeation chromatography 
and lipoprotein peaks were determined by elution vol- 
ume and cholesterol content. In control TgR[hAI]non 
rats, HDL was the predominant lipoprotein species (Fig. 
2A). Induction of experimental nephrosis resulted in 
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TgR[hAI]non TgR[hAI],ow TgR[hAI]high 



Rat 
Apo Al 

Human 
Apo At 



EF1a 





Experimental Treatment 



Fig. .1 Nortlicrn hkn analysis ofhcijsuk: nn apoA-U 
luuurtn iuifl nil KFlix Total RNA was Lsolivu-U 

from livers of TgRfh A! lgRn]AI]i.«, iin<l 
TgRjhAIjhi^h rdia killed 8 clays alter FAN or saline 
hiJtNtiou, 1Vn niwToi^iaiJis pw hxnii nf'touil RMA was 
I'csolviffI using a ["ornialciahycUvdoiiaairi uj^gei, irans- 
ierrccl to riii,roc:elluU>.sei arKi liybricihed Wuh lul-spc- 
cUk iipoA'l, ImnuKi'SiJccJfic api^A l, or EFla riulio 
labeled probes, V/Ach t^xpcnmt^ntal group, PAN i^) 
or jjalinc: (-) irijt-ctcd rats, is rcpr<:seni.ed by two 
itidividmils wiihiii tacli groiip. 



hyperlipoproteinemia evident as increiises of all lipopro- 
tein classes. Upoprotein pn)files of TgR[hAlliow control 
and nephrotic rats (data not shovvii) were virtually iden- 
tical to the corresponding profclles of TgR[hAlJnoji rats 
shown iji Fig. 2A, Overexpressior} of h-apoA-I in 
TgR[hA[]high <:onlrol rats expanded tlic MDL dtoles- 
tcrol pool (compare Figs. 2 A and 2B). While some 
increase in non-HDl. cholesterol ft'actions occurreci in 
TgR[hAlJhigh rats with expenmental nephrosis, hyperbe- 
talipoproteinemiii was deo'eased (compare Figs. 2A and 
2B). Snr|)ri singly, in the face of large differences of total 
serimi apoA4, HDL cholesterol levels in TgRlhAijhigh 
rais were unchanged in controls (142,4 ± 33.4 mg/dL) 



TAHlJ'l 2. Lovds ot hepatic buiniusi unri rat apoA-l iiiKNA 8 days 
rtfier PAN (nephrotk) or suliue (control) iiijtuiioii ddenmncd by 
Norlhorn bl<>t aruii)'sis 





Ht.'[JiUu: AjK^M MiRNA 


tiroup 


Rat A])(>A4 












0A \ ±a.04(:"i) 




Neplirolic 


2.40 (2.I2«. 2.70) 




N/c: 


ti.J 




TgRlliAl],.,. 








0.45*0.15(4) 


0.15 ±0.0(5 (4) 


Ncpbtodc 


3.!2~l±0.2r>(4) 


.i.lt>±fl.27{4) 


NVC 


7.2 


21.1 


TgRDiAIJhi^h 






t^onirol 




J. 19 1 0.80 (4) 


Nepbroiir. 


1.79(1.91, L(>7) 


77.0:^ imA. 7:V7) 


Nyc 


:>.! 


bl7 



Uai and human ajDoA-l ruRN A levels ht Vivcn^ wm deicrminetl using 
spcxics-sjK'cilic oltgonudcoiiilr ]>ti>bf.s and iuc cxptcsstd pboj^- 
phoriinagor iiniis ni>rjuali/ccl to cc>a?iitiutivciy cxptcsstd Elongauori 
Ftttior 1 idplia(EFl ex). Ead lvalue h llit: imtan ±SEM wtih die number 
(ji) in patenlhescs, except: whert: the n was less i\mu 3>, wheu ihf 
average of two deun-miniuions (values in piUt?i)thc$es) is given. The 
rtnu^gc iroiu du; aiuuol in cacii group is cxprtjsstfd a.s die nitio of 
J ieplHc>li<:/co]nrol (N/ 



versus in nephroticsi (140.3 ± 2L2 mg/dL). However, 
HDL particles isolated from 'rgR[hAI]bjgh nephrotic 
animals t ended to ei ute nhead of control HDL on FPLC, 
indicating an intreased. particle size. 

I'he HDL partii:le size. dLstribntioji was further exam- 
ined by non-denaturing gradient gel elcctrophosis (Fig, 
3). In control TgR| hAl [non ^i^^l TgR[hAI|iaiv' nits, a single 
HDL2 species was present {2}^). Control l"'gR[h Al]hjgh nit 
HDL was polydisperse with distinct .HDL|4ike, small 
HDLs, and very small HDL3 species. In TgR.[hAI]iion and 
lgR[hAl]uKv> rats with expenmental nephrosis, two dis- 
tinct HDL species, c;oniparabk' to htintan HDL2 ^^nd 
HDL:^, were obsenx^d^ Nephrotic *fgR[hAi]j^igh rat: se- 
rum contaiiied only large particles tliat displayed size 
heterogeneity among individual rats. Smaller HDL par- 
dele classes were absent in these animals. 

Effect of overestpression of human apoA-^l o» 
albuminemia, edema, and urine composition in 
PAN-treated rats 

Eight days after the initial ityection of FAN, rats were 
kilkrd and seriiiii proteins were i-esolved on a tion-reduc- 
irig SDS poiyacrylumide gel (Fig, 4A). Jjyppalbu- 
mineniia was evident in all three PAN -treated groups. 
Additionally, upon kil Ung, all rats receiving PAN dis- 
:played peritoneal edema while their saline-treated coun- 
terparts ■ appeared normaL llie. edema in all 
TgR[lLAI]]uuh nephrotic rats, however, was clinically less 
severe than that observed in nephrotic TgRfhAIjuw and 
:T'gR[hAIj,Km animals. Urine from control (saline- 
treiited) and nephrotic 1 gR[bAl]„o„ and lgR[hiy]hi;jh 
rats was cpllectetl tor a 204i period prior to killing. Urine 
protein excretion was low from two saline-treated 
TgR[hArj„on rats.(()i54 and 0-55 mg/h) as well as from 
two sjdinc-treated TgRfhAilhigh rats (0.77 and 0.59 
tBg.^h). As expected, significant proteiiiuria was de- 
tected in two PAN-treated TgR[hAI],K„t rats, 3.18 and 
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Fig. 2. Analysis of lipoproiein profiles fromTgR[hAI]i„« (A) and TgR[hAI]i,gi, (B) rat sera by gel filtration chromatography. Individual rat scrum 
samples were fractionated by FPLC over a Superose 6 sizing column into 40 fractiotis. Total cholesterol from each fraction was assessed 
enzymatically, the absorbance at 490 nm* was assigned wholc-numbcr values using a linear relation and the profiles were plotted, Dashed lines 
(-) are saline-injcacd control rats and aoiid lines {__) are PAN-injccied nephrodc rats. Each profile is the mean of five individtial profiles, with 
error bars representing the standard error of the mean. The cluiion positions of human VLDL, UDL and HDL arc indicated at the top of each 
profile. 



i L42 mg/h. However, the proteinuria was considerably 
greater in two PAN-treated TgR[hAI]high rats, 20.85 and 
27.36 mg/K Analysis of the urine proteins by non-re- 
ducing SDS PAGE (Fig. 4B) shows that much of the 
protein eliminated in the urine of PAN-treated 
TgR[hAl]non rats is albumin, whereas in PAN-treated 
TgR[hAJ]high rats, the albumin band has reduced inten- 
sity and the apoA-I band becomes more prominent. In 
a separate set of urine samples^ lipid excretion was 
measured. As shown in Table 4, the urine concentra- 
dons of both phospholipid and cholesterol were signifi- 



TABLE 3. Effect of human apoA-1 over expression on levels of 
triglyceride, phospholipid, and cholesterol in scrum from rats 8 
days after PAN (nephrodc) or saline (control) injection 







SCTum lipid 1 «vdA 




Group 


Triglyceride 


Phospholipid 


Choksierol 










TgR[hAI]n«, 








Cotitrot 


78.3 ±11.5 


20L4±6.7 


116.9 ±5.0 


Nephrotic 


568.9 ±49.1 


627.8 ±49.3 


654.9 ±52.3 


N/C 




3.12* 


5.60^ 


TgR[hAIli«. 








Control 


70.0 ± 11.4 


186.3 1 9.0 


110.6 ±7.2 


Nephrotic 


505.V ± 54.8 


5S6.2±45.7 


569.3 ± 7 LO 


N/C 


7.22* 


2.88' 


5.15- 


TgR[hAlJ>,,,. 








Control 


70,1 ±10.7 


304.4 ± 43.8 


194.5 ±35.6 


Nephrotic 


223.7 ±68.9 


202.4 ±56.1 


296.1 ±4L4 


N/C 


S.19»' 


0.6> 


h52^ 



Values given as mean ± SEM, n = 5. The change from control in each 
group h expressed as the ratio of nephrotic/control (N/C). 

< 0.001; ''no significant difference, when the two groups are 
statistically different by Student's f-test 



cantly increased in the PAN-treated TgR[hAIlhigh rats 
relative to those in die PAN-U^eatcd TgR[hAI] 

non rats. 

Effect of human apoA-I overexpression ob 
cholefftarol and apoilpoprotein density cLeubs 
distribution 

To better define the circulating form of apoA-I, serum 
lipoproteins were resolved by continuous gradient den- 
sity centrifugation. Rat and human apoA-I distributions 
were determined across gradient fractions by ELISA. In 
saline-treated TgK[hAI|noii rats, rat apoA-I was found 
exclusively in the HDL density range (L063~1.21 
g/mL). This pattern persisted after the inducdon of 
nephrosis {data not shown). In saline-treated 
TgR[hAI]iow rats, both the rat and human apoA-I were 
found in the HDL density range (Fig. 5A), After the 
induction of nephrosis in TgR[hAI]]qw rats, the human 
apoA'I partitioned mainly into HDL (Fig. 5B), but ap- 
proximately one-half of the rat apoA-I was now associ- 
ated with density > 1,21 g/inL fracdon, Tliis distribution 
of human and rat apoA-I was also observed in 
TgR[hAlJhigh control rats (Fig, 5C). One possibility sug- 
gested by these results is that with sufficiendy high levels 
of expression of h-apoA-I (nephrotic TgR[hAI]io>v or 
non-nephrodc TgR[hAI]high rats), rat and human apoA-I 
compete for the available lipid pool, and that h-apoAJ 
may be bound dghter to HDL particles than rat apoA-I, 
allowing for dissociation from HDL particles upon cen- 
trifugation. In nephrodc TgR[hAI]high rats, with the 
greatest expression of h-apoA-I (circulating levels > ISOO 
mg/dL, Table 1), the h-apoA-I was distributed across 
three peaks (Fig. 5D). The first peak corresponded to a 
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Fig. 3. Non-ctcnatur ing jjfi;i<lit^rii gel jiiij^Jysi^ i(v 
li])<)pr<>tcinK lsoIjUt;(i f'rojT) rgR[hAI|,„rtt, 
TgR[iiA1j!,„., and 'l'gR[hAlJi,ij,!, nit stTiim by single 
spin 3.23 3^/rnI..tlciisiiy ciininfiigLiiioii. Lipoprotein 
fj^ttioJii?, ptxiiitcubiiurd 2 li with Sudan bliick 7B to 
stain neutral lipids^ wca- resolved on PPA 2/16 
ijondinmturing grailicnt gels. The prcsiaincd iipo 
pjx^jtein profiles were pluKOgraplicti ni\d ihc gels 
wcrc! tJifii suiined itncl dcsiainccl in Coomassk' BsiJ- 
\mM Blue 10 develop ilio molecular wdj^ht ^^usiwl 
aixis, shown iir llit' riglii as M, x I ()-\ Kadi cxpertjnt'n- 
tal tmKmentgiT>u[). PAN (+) and saline (-) frijcnted, 
is r<.'prcsenierl bv three individuals, except the 
TgRfhAl I Piiivrreaierl group thai coritiiins Umr. 



Expeitnenta) Treatment 



buoyant HDL population that co-eluted wkh u uiajor 
cliolestero] peak, the second one, a denser HDL popu- 
lation co-eluting with a minor cholesterol [>eak, and the 
lliird, a lijnd-free or [K>or population with density > L21 
g/inL. Rat apoA4 was now found mainly in the density 
range > 1,21 g/ rnL. Thus, the induction of experimental 
nephrosis in TgR[hAl))ugh rats resulted in significant 
proportions of the set lun pools of i)oth nit and human 
apoA-I ap]>e;iring in the non-lijx)pi*ote[n density frac- 
tion. 



DISCUSSION 

EJIffects of overexpression of human apoA-I on 

edema in experimental nephrosis 

The mechanisnisi underlying fluid vohnne expansion 
in the nephrotic syndrome have been studied exten- 
sively (24). Hypoalbiiniinenna decreases plasma oncotic 
pressure, antagonizing forces in the venular capillary 
thai counieraci hydrostatic pressure. Fluid balance is 
funher deranged by changes in capillary permeability 



TgRlhAllnon TgR[hAll|ow TgR[hA%igh 
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Fig. 4. Aiiiily^sis at' roijil scrum and ui int^ prfKcins by non-rcdncitig :;>D?>-PAGI'L Total prowritis frors) !5 jiL of senmi (A) or 5 \iL of urine (li) per 
j;u vvcrr rt'solvt'd on no I )% norMediirisig SI.)S polyariTl:vnii<:lir grl Tlw. rcsolverl prott^ins wert: vis?iijli7ed wilh C(>i>niii.s.<iit* Brilliant liliit* 
The lociitions of idbuimin ^nd inpoA-i bunds are indicaied to ilie;' l ighJ. Irlaf h experimental groiij> (PAN (+) or saline (-) injtfctt'd) is represented 
by thr<re serum «iniples (pand A) and two urine samples (panel l\) Irom individiiats witiiin each group. 



Burk^* d fiL Nephrotic hyperlipoproteinemia and apoA-I transgenic expression 1469 



pander macromolecules will decrease edema, at least 
temporarily (26). Earlier woi'k in humans with nephrotic 
syndrome has shown that piasma lipid levels will also 
decline when plasma expanders are given (27). 

]n nephrotic animals, overexpression of human apoA- 
I did not prevent hypoalbuminemia (Fig. 1) or aSbu- 
minuria (Fig. 4B}. Extreme overproduction of h-apoA-I 
in the PAN-treated TgR[hAI]high animals was associated 
with deci eased edema in the nephrotic state. This can 
be most simply explained by the support of plasma 
oncotic pressure by the high serum levels of apoA-I. In 
other words, in spite of the urinary losses of apoA~I (Fig, 
4B and ref. 28), hepatic apoA-I production was so in- 
creased that the serum level reached 1346 mg/dl... 
Given the relative molecular weights of albumin (67 kD) 
and apoA-I (28 kD}, this level of apoA-1 would e>tcrt an 
oncotic pressure corresponding to 3.2 g/dL of albumin, 
which is within the normal plasma range. Though this 
calculation assumes that all apoA-I was in the free or 
lipid-poor state (d > 1.21) and this was not stricdy the 




Fig, 5. Distribution of apoA-I and cholesterol by density gradiem ultraceriLrifugation, Pooled sera from A) TgR[iiAlji.,w sHlintMnjected, B) 
TgR[hAIli,.w PAN'injccted, C) TgR[hA!]hiBii saline-injected, and D) TgR|hAI]hi|.h PAN-injccted groups were siibjficted to density gradi<;nt 
uliraccntrifugiitiyn. Proftles wer^ fractionated for the analysis of total cholesterol ( — ), rat apt)A-i (-A-), and human apoArl The densities 
of tht? fractions were determintd and reference densities 1.063 ft/mL and 1.21 g/mL are shown above each profile. 



TABLE 'I. Urine lipid concentradons In nephrotic rats 







Urine Lipid Levels 


Group 




PhosphoUiMd Cholesterol 








TgR[hAI]...,, 






Nephrotic (n 




235.0 ±18.7 162.0 ±14.?^ 


TgR[hAI]..„. 






Nephrotic (n 


= 6) 


870.01152.0 .mo ±43.2 



Experimental nephrotic syndrome was induced in T^R[hAl]n(.t> and 
TgR[hAl]hij5h rats and urine samples were collected in nieubolic <jages. 
ToVa\ proteins were precipitated and quaniilated, Lipids were ex- 
tracted by the Folch procedui-t? and cholesterol and phospholipid 
contents of the extracts were determined. Vftlvies are given as mean + 
SEM. The urine protein concentrarions averaged 43 ± 1.09 and 38 ± 
2,87 mg/inL in the TgR[hAJ]™.„ andTgR[hAl]hi^ groups, respectively- 
P < 0.05 for the group differences in choJesierol and phospholipid. 



and an increased natriuretic peptide activity (25). Intra- 
venous administration of albumin or otlicr plasma ex- 
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case, nonetheless, a large fraction of apoA-I in nephrotic 
TgR[hAI]high rats was indeed found in the d > 1.21 
fraction of serum (Fig. 5D). In contrast, while nephrotic 
TgR[hAI]iow rats expressed over 450 mg/dL of apoA-I, 
almost all of it was associated with HDL pardcles (Fig. 
5B). Thus, because of both the lower concentradon of 
serum apoA-I and its presence predominantly in a form 
(HDL) that contributes little to oncotic pressure^ it is not 
surprising that in contrast to nephrodc TgR[hAI]high 
rats, these animals showed the same degree of edema as 
the non-transgenic nephrotic controls. 

Effects of experimental nephrosis on apoA-I gene 
expressioii 

Although the detailed molecular mechanisms under- 
lying the hepatic response to the nephrodc syndrome 
are unknown^ there is an increased steady-state level of 
apoA-I mRNA upon the induction of nephrosis in rats 
(8-10). As the apoA-I mRNA level is a critical determi- 
nant of apoA"I production rate (29, 30), an increased 
level of apoA-I mRNA most likely explains the elevated 
synthesis and secretion of hepatic apoA-1 observed in 
nephrodc rats (7). 

In the present study, non-nephroiic animals in all 
three Unes had essentially identical levels of rat hepatic 
apoA-1 mRNA (Table 2), In agreement with the litera- 
ture (8-10), after the induction of nephrosis, these levels 
rose significandy (5* to 7-fold) in all the groups. There 
were also effects of nephrosis on the expression of die 
h-apoA-I mRNA. PAN treatment resulted in elevations 
of h-apoA-r mRNA of 21-fold in TgR[hAI]bw and 65^fold 
in TgR[hAI3high animals. Thus, both transgenic lines 
showed a striking differential response of rat and human 
apoA-I mRNA levels to experimental nephrosis^ with 
increased sensitivity of the human mRNA, 

Prior studies in the PAN nephrosis model (8), the 
Heyniann nephritis model, and the Nagase analbu- 
minemic rat (10) indicated that elevation of rat hepatic 
apoA-l mRNA was associated with an increased tran- 
scriptional activity of the apoA-1 gene. This is most likely 
also to be the basis for the increase in the h-apoA-I 
mRNA in the transgenic livers, as preliminary experi- 
ments (L. Sambucetti and E. A. Fisher, unpublished 
observations) indicate that the stability of the human 
apoA-i message was not changed in nephrosis. Why the 
human gene may be more sensitive than the rat gene to 
transcriptional activation is currenUy under study. Hy- 
potheses include activation of additional transcription 
units in a high<opy cluster of tandemly repeated human 
apoA-i genes, increased efficacy of rodent factors to 
^raTis-activate the heterologous human cts-elements, and 
regulatory information in the 5'-flanking sequence of 
the human gene not present in the rat gene. Nonethe- 
less, despite the need for additional studies to elucidate 



molecular mechanisms, the present results clearly dem- 
onstrate for the first time diat the human apoA-1 gene 
responds in the experimental nephrotic syndrome. 

Effects of apoA-I overexpression on apoA-I and 
lipoprotein metabolism in nephrotic rats 

Rubin et aL (31) have reported that in transgenic mice 
expressing human apoA-1 there is a decrease in the 
serum level of mouse apoA-I. They hypothesized that 
HDL containing both species of apoA-I arc unstable, 
and this instabihty leads to the selective loss of mouse 
apoA-I. In this study, TgR[hAI]i,igii control rats displayed 
an inverse relationship between circulating levels of rat 
and human apoA-I (r^ = -0.97, P < 0.005, n = 5). This line 
of rats normally displays a significant decrease of rat 
apoA-I levels when h-apoA-I becomes greater than 200 
mg/dl (unpublished data). TgR[hAI]iow rats rendered 
nephrotic had circulating levels of h-apoA-I in excess of 
300 mg/dl, yet rat apoA-I levels did not decrease, and 
actually increased significandy (Table 1). However, 
TgR[hAI]high rats rendered nephrotic had massive in- 
creases in h-apoA-I serum levels and a corresponding 
decrease (47%) in the level of serum rat apoA-I (Table 
i). In the experimental nephrosis model, higher levels 
of h-apoA-I (> 1,300 mg/di) are needed to observe a 
decrease in circulating levels of rat apoA-I, possibly 
reflecting a greater stability of HDL containing rat and 
human apoA-I as compared to HDL containing the 
mouse and human proteins. Other potential explana- 
tions include differences in the metabolic parameters 
that impact the forces responsible for displacement of 
rat apoA-I from HDL, such as the amount of phos- 
pholipid associated with apoA-I, the fractional catabolic 
rate of rat and h-apoA4, the structure of the nascent 
apoA-I particle produced by the liver, and alterations in 
plasma lipase activity associated with nephrosis. Such 
changes may result in displacement from HDL of rat 
apoA-1 by the large pool of h-apoA-1, with subsequent 
loss in the urine, or the formation of HDL species^ 
containing rat apoA-I, small enough to be lost in the 
urine, resulting in the excretion of cholesterol and 
phospholipids in addition to the apoA-L Both of these 
explanations are supported by the gel analysis of urine 
(Fig. 4), the urine composition analysis (Table 3), and 
the analyses of scjum by non-denaturing gradient gels 
(Fig. 3) and FPLC (Fig. 5). Associated with the nephrotic 
state in TgR[hAI]iugh animals were large urinary losses 
of apoA-I, cholesterol, and phospholipids and the disap- 
pearance from the senim of a small HDLs-like lipopro- 
tein species. This disappearance could be explained by 
increased loss of this small particle into the urine. Fi- 
nally, the FPLC profile demonstrated that a large frac- 
tion of the rat apoA-I had a buoyant density > 1.21, not 
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associated with HDL and therefore in a ibrm that might 
be readily lost in the urine. 

Nephrotic TgR[lLAJ]non and TgR[hAI][ow rats showed 
the expected increases in all lipoprotein classes, includ- 
ing triglyceride-rich tractions. However, the resuits in 
the TgR[hAI]high rats were dramatically different; al- 
though overexpression of h-apoA-I in non-nephrotic 
TgR[hAI]high rats produced an increase in HDL choles- 
terol and serum phospholipid (compared to non-neph- 
rotic animals of the other two groups), no further in- 
crease in HDL cholesterol was observed after PAN 
treatment (Table 2). In addition, triglyceride and non~ 
HDL cholesterol levels showed only modest increases 
with nephrosis^ and the associated lipoprotein peaks 
were blunted (Table 3 and Fig. 3), 

Reasoning similar to that just discussed above (i,e., 
increased urinary losses of HDL or its components) may 
also explain these results. Alternatively, it is also possible 
that they reflect a smaller than expected increa&e in the 
hepatic production of lipoproteins in nephrotic 
TgR[hAl]hig!, rats. One potential explanation for this is 
found in the work of Appel et a1, (32), who have shown 
a significant inverse relationship between plasma cho- 
lesterol and oncotic pressure in patients with nephrotic 
syndrome. This relationship probably reflects a regula- 
tory role of oncotic pressure on hepatic lipoprotein 
production (10). As tlie overproduction of apoA-I re- 
duced edema in TgR[hAI]high nephrotic rats, it is reason* 
able to assume that this was due to the support of 
oncotic pressure in these animals ^ perhaps reducing tlie 
hepatic stimulation of hpoprotein production by this 
factor. Another contributing factor is implied by studies 
by Verkade et al. (53). demonstrating that when newly 
synthesized phospholipid becomes limiting, there is de- 
creased hepatic secretion of apoB-containing trigly- 
ceride-rich lipoproteins. Thus, if the massive overpro- 
duction of apoA-I in the nephrotic TgR[hAI]high resulted 
in a metabolic diversion of phospholipid due to HDL 
formation, the assembly and secretion of non-HDL lipo- 
proteins may suffer as a consequence. Finally, the over- 
utilization of the protein synthetic machiner)', such as 
ribosomes and translocation channels, by the highest 
levels of apoA-I production may directly interfere with 
the translation and processing of other proteins, such 
as apoB. Though in this section we have offered a 
number of plausible explanations, many of the issues 
raised by the urine and serum data, particularly in the 
nephrotic TgR[hAI]high rats^ such as the attribution of 
results to changes in clearance versus production, are 
currently being investigated 

Concluding remarks 

The induction of the nephrf)lic syndrome in irans- 
genie rats has demonstrated that the expression of the 



human apoA-l gene can be significantly stimulated. 
Also, a number of effects of this stimulated expression 
on the metabolism of both HDL and non-HDL lipopro- 
teins were observed. Further investigation of the mecha- 
nisms responsible for the effects of nephrosis in trans- 
genic rats expressing h-apoA-I are likely to lead to new- 
insights concerning the regulation of rodent and human 
apoA4 gene expression as well as tlie formation iind 
cataboiism of lipoproteins. In addition, these animals 
also represent a potentially useful model for the study 
of progressive renal disease and its amelioration. For 
example, we have presented preliminary evidence that 
apoA-I overexpression in rats decreased smooth muscle 
cell accumulation in the aorta after balloon injury (34) 
and Rubin et al, (31) have demonstrated that the over- 
expression of h-apoA-I in transgenic mice suppressed 
the formation of aortic foam cells in animals fed an 
atherogenic diet. Given that a major feature of many 
models of the atherosclerotic lesion (for example, see 
ref. 35) is proliferation of smooth muscle cells and 
accumulation of macrophages » similar to the effects in 
the aoria» perhaps overexpression of apoA-I in the neph- 
rotic syndrome could also inhibit those changes in 
glomerular lesions (36) that are hallmarks of the pro- 
gressive deterif>ration in renal function. U 
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